Objective: The purpose of this study was to assess the prevalence of iron deficiency anemia among Korean pregnant women and to assess the association between maternal hemoglobin (Hb) level and pregnancy outcome. Design: A longitudinal study. Setting: Ewha Womans University Hospital, Seoul, Korea. Subjects: A total of 248 normal pregnant women of 24-28 weeks gestation and 190 babies born to the pregnant subjects. Methods: Maternal anthropometry, blood parameters and pregnancy outcomes were measured. Results: Mean Hb, serum iron concentration, transferrin saturation and total iron binding capacity of the subjects were 11.4 g/dl, 89.4 mg/dl, 18.7% and 484.6 mg/dl, respectively, and 30.2% of the subjects were anemic judged by Hb concentration of o10.5g/dl. When subjects were classified into tertile groups based on Hb levels, the lowest tertile (HbT1) group had significantly lower concentrations of cord serum iron and albumin than those in the highest tertile (HbT3) group. Newborn infants from the HbT1 group had significantly higher rates of preterm delivery, low birth weight and low Apgar scores than those in other groups. Logistic regression analysis showed that maternal serum albumin and Hb level were the most important predictive variables for low birth weight. Conclusions: A substantial proportion of Korean pregnant women were at risk of anemia. Infants born to women with a low Hb level showed a lower birth weight, height and Apgar scores.
Introduction
Iron deficiency is the most common nutritional disorder in the world, particularly among pregnant women (Allen, 2001; Krafft et al., 2003) . Because of the increased iron requirements during pregnancy, pregnant women are recognized as the group most vulnerable to iron deficiency anemia. In Asia, the prevalence of anemia was estimated to be 44% in non-pregnant and 60% in pregnant women (Rush, 2000) . At least 50% of the anemia has been attributed to iron deficiency (DeMaeyer and Adiels-Tegman, 1985; Singh et al., 1998) . Maternal iron deficiency anemia increases the risk of premature delivery and subsequent low birth weight, and may contribute to low iron status and poor health of infants (Allen, 2000; Scholl and Reilly, 2000; Kaiser and Allen, 2002) . Also, pregnant women with anemia are at a greater risk of perinatal mortality and morbidity (Haas and Brownlie, 2001; Rasmussen, 2001; Ramakrishnan and Yip, 2002) .
The etiology of iron deficiency anemia is multifactorial. Nutritional deficiency such as iron, folic acid and/or vitamin B 12 deficiency is the most common cause of anemia among the many factors including chronic inflammation, parasitic infection and genetic factors, and socioeconomic status. And the etiologic pattern of anemia is complex such that infections and nutritional deficiencies often coexist. Thus, it is difficult to assess the cause of anemia and implement effective methods to prevent anemia during pregnancy. Iron supplementation is the most widely practiced strategy to prevent anemia; however, its effectiveness has not been clearly demonstrated (Cogswell et al., 2003) .
In Korea, the prevalence of anemia has been reported around 15% of non-pregnant women of childbearing age (Korean Ministry of Health and Welfare, 2002; Lee et al., 2003) and around 20-30% of pregnant women (Lim and Kim, 1998; Yu et al., 1999) . For unwed pregnant women, the estimate of anemia was as high as 58% (Doo, 2004; Seo, 2005) . Even though these estimates are lower than most developing countries, anemia is an important health issue in Korean pregnant women.
Most studies reported a strong association between iron intake and hemoglobin (Hb) concentration (Thane et al., 2003; Madhavan Nair et al., 2004; Nilman et al., 2004; Zimmermann et al., 2005) . The Korean recommended dietary allowances (KRDA) for iron during second part of pregnancy is 24 mg/day. The average iron intake of Korean pregnant women in the second trimester has been reported as 19.1 mg/day (Yu et al., 1999) and 13.2 mg/day (Lee et al., 2003) , which were lower than the KRDA.
Despite relatively high prevalence of anemia in women of childbearing age, its association with pregnancy outcome has received little attention in Korean pregnant women. Therefore, our aim was to examine (i) the prevalence of suboptimal iron status in pregnant Korean women and (ii) the relationship between maternal iron status and pregnancy outcome.
Subjects and methods

Subjects and design
The study subjects were 248 normal pregnant women of 24-28 weeks gestation and 190 newborn infants born to them. The pregnant subjects attended a prenatal clinic in Seoul. At their first visit to the clinic, they were asked to be our study subjects. The criteria for normal pregnancy were as follows: no pregnancy complications, no medications and free of pregravid chronic diseases. The pregnant subjects received regular prenatal care until delivery in this clinic. The research protocol was approved by the Human Investigation Review Committee of Ewha Womans University and informed consent forms were obtained from all subjects.
Data collection and biochemical analyses
We collected general health and sociodemographic data from the subjects. Measurements for pregnant subjects were made on anthropometry, blood parameters and pregnancy outcomes. At the time of delivery, cord serum was collected and birth weight and height, and Apgar score were measured. Cord blood was collected from a subgroup of 69 women and pregnancy outcome data were obtained from 190 newborn infants.
Height of pregnant subjects was measured with a stadiometer to the nearest 0.5 cm. Self-reported pre-pregnancy weight was recorded and pre-pregnancy body mass index (BMI) was calculated.
Fasting, peripheral venipuncture blood samples were collected from the pregnant subjects. Cord blood was collected immediately after the placenta delivery. Analysis of maternal and cord serum was performed on the same day of collection. Hemoglobin concentrations were measured by using a Hemocue (Hemocue AB, Angelholm, Sweden). Serum total iron binding capacity (TIBC) was measured by NitrosoPoint Subtraction Aggression Paradigm method using autobiochemical analyzer (Hitachi 7150, Japan), and transferrin saturation (TS) was calculated from serum iron and TIBC {TS ¼ serum iron (mg/dl)/serum TIBC (mg/dl) Â 100}. Serum concentrations of albumin and iron were assessed by using the VITROS DTSC II (Johnson & Johnson, USA).
For pregnancy outcomes, cord blood albumin and iron contents, and birth height and weight were measured. Apgar scores of newborn infants at 1 and 5 min were assessed by a pediatrician according to usual Apgar score system (Apgar, 1953) . Birth weight less than 2500 g was considered as low birth weight and the gestational age less than 37 weeks was considered as preterm delivery (Guyer et al., 1997) .
Statistical analyses
Statistical analyses were performed using SPSS for windows, version 10.1 (SPSS, Chicago, IL, USA). All data were expressed as mean7s.d. The pregnant subjects were divided into tertiles on the basis of Hb concentration to assess the effect of maternal Hb on pregnancy outcome. After the analysis of variance, Duncan's multiple range tests were performed to determine the significance in the means of maternal nutritional status, cord blood composition and pregnant outcome among three groups. To analyze the differences of prevalence of low birth weight and preterm delivery among the three groups, a w 2 -test was used. The correlations among maternal iron status, cord blood composition, maternal nutritional status and pregnancy outcome were analyzed by Pearson's correlation analysis. To assess the contribution of iron parameters and maternal body weight to the variance in low birth weight, logistic regression analyses were performed. A probability value of Po0.05 was considered to indicate statistical significance.
Results
The study subjects were from the upper-middle socioeconomic class judged by education levels, who had a mean age of 30.6 years (20-30 years) and pre-pregnancy BMI of 20.6 kg/m 2 (16.0-33.2 kg/m 2 ) ( Table 1) . Serum albumin concentration was 3.5470.4 g/dl, indicating normal general nutritional status of the subjects. For iron status indices, the mean Hb concentration was 11.4 g/dl, which was within the normal range. Serum iron concentration was 89.4 mg/dl and TS was 18.7%, and both were lower than the normal ranges. Serum TIBC was 484.6 mg/dl, which was higher than the normal range of 250-450 mg/dl. Judging from the Hb concentration, 30.2% of the subjects fell into anemia category (Hb o10.5 g/l).
As shown in Table 2 , when subjects were classified into tertile Hb groups, maternal serum albumin concentration of the HbT1 group (3.43 g/dl) was significantly lower than the highest tertile group (3.62 g/dl), even though the values were in the normal range for both groups. The mean Hb concentration, TS, TIBC and serum iron of the lowest tertile group (HbT1) were 9.6 g/dl, 15.0%, 521.4mg/dl and 76.1mg/dl, respectively. The HbT1 group showed significantly lower values of Hb, TS and serum iron, and also showed significantly higher TIBC than the HbT2 and HbT3 groups. All these indices strongly suggested that the subjects in this group were at the iron-deficient state.
In cord serum, mean concentrations of iron was 163.8mg/ dl and higher than maternal serum level. The subjects in the HbT1 group had a tendency of lower concentration of cord serum iron than those in the HbT3 group (Po0.1).
As shown in Table 3 , mean maternal weight gain and gestational age were 12.6 kg and 38.2 weeks, respectively. Birth weight and height were 3083 g and 48.4 cm, respectively. Apgar scores for 1 and 5 min were 8.5 and 9.6, respectively. The prevalence of low birth weight (i.e., o2500 g) and preterm delivery (o37 weeks) were 10.7 and 10.1%, respectively.
There were no differences in age, pre-pregnant BMI and pregnancy weight gain among three Hb groups. Newborn infants from mothers in the HbT1 group had significantly lower gestational age, birth weight, birth height and Apgar scores at 1 and 5 min (Po0.05) than those in HbT2 and HbT3 groups. Higher frequency of low birth weight and preterm delivery was seen in the HbT1 group when compared to HbT2 and HbT3 groups.
Analysis of correlations between various iron indices and pregnancy outcomes were assessed (Table 4 ). Maternal Hb level had significant positive correlations with gestational age (r ¼ 0.258), birth weight (r ¼ 0.256), birth height (r ¼ 0.275) and Apgar scores for 1 min (r ¼ 0.231) and 5 min (r ¼ 0.201). Also, similar positive correlations were found between serum albumin concentration and pregnancy outcome. However, no significant correlations of pregnancy outcomes with maternal serum iron level, TIBC and TS were found. (Herbert, 1987 In order to examine which variables best predicted low birth weight, logistic regression analysis was fitted on parameters that showed significant correlation with low birth weight as shown in Table 4 and other iron indices, including serum albumin, Hb, iron, TIBC and TS. Serum albumin and Hb levels were the most important predictive variables (Po0.05). Serum iron, TIBC and TS were not factors affecting low birth weight (Table 5) .
Discussion
This study was conducted to assess the prevalence of anemia among pregnant Korean women and to assess the association between maternal Hb level and pregnancy outcome. The study subjects were 248 pregnant women of 24-28 weeks gestation from upper-middle class and they were followed until delivery. The prevalence of anemia was 30.2% (75 out of 248 subjects) judged by Hb level (Hb o10.5 g/dl). The prevalence of anemia in our study was similar to previous reports conducted in Korea (Lim and Kim, 1998; Yu et al., 1999) and in Asia (Hui et al., 1995) . Anemia or iron deficiency during pregnancy is associated with intrauterine growth retardation, premature birth, low birth weight, increased labor time, higher risk of infection, elevated maternal and prenatal mortality, muscle dysfunction and low physical capacity (Murphy et al., 1986; Lu et al., 1991; Scholl and Hediger, 1994; Singh et al., 1998; Zhou et al., 1998; Yip, 2000) . Lone et al. (2004) reported the association between low maternal Hb level and Apgar score o5 at 1 min, which is an index of health status of newborn babies. In our study, low maternal Hb was associated with preterm delivery and low birth weight and height. Maternal Hb level had significant correlations with gestational age and Apgar scores at 1 and 5 min, which suggests that maternal Hb level has an effect on newborn babies health. Even though the mean Hb level of HbT1 group was not as low as Hb o7.0 g/dl which is considered severe anemia (Yip, 2000) , the adverse effect of mild anemia on pregnancy outcome was clearly seen. This is probably due to maternal iron status has a crucial role in fetal development.
In accordance with other reports (Prema, 1980; Kim and Lee, 1999) , our study showed that cord serum iron concentration was higher than those of maternal serum, suggesting an active transport system and implies the importance of iron for fetal growth. Birth weight is affected by many factors besides maternal Hb status, including the gender of an infant, maternal age, maternal body weight, smoking and alcohol consumption (Allen, 2000; King, 2000) . In our present study, logistic regression analysis with low birth weight as the dependent variable showed that serum albumin and Hb level were significantly contributing to low birth weight. This result suggested that maternal Hb level was a good predictor for the prognosis of pregnancy outcomes.
In conclusion, our results indicated that a substantial proportion of pregnant Korean women were vulnerable to anemia. Although significant positive correlations between Hb and serum iron (r ¼ 0198), TS (r ¼ 0.269) and TIBC (r ¼ À0.299) were found (data not shown), anemia in these subjects were mainly due to iron deficiency. Infants born to women with low Hb levels tended to have lower birth weights and heights, and Apgar scores. Previous study with same subjects (Lee et al., 2003) reported that mean iron intake was under 60% of KRDA. Therefore, the high prevalence of anemia in our subjects was probably due to low iron intake and poor dietary habits rather than food insecurity or disease (Lee et al., 2003) . Therefore, the etiological factors associated with maternal anemia during pregnancy in Korea should deserve more attention.
